Abstract. Endometrial cancer (EC) is the third most common gynecologic malignancy in the world, and is considered a chemotherapy poor responding cancer. There are two underlying mechanisms on chemoresistance: the stemness of cancer stem cells (CSCs) and activation of pro-survival autophagy. It was found that autophagy is one of the main factors of cancer stem cell survival, multidrug resistance and maintenance of the homeostasis of cancer stem cells and normal cancer cells. However, the relationship between CSCs and autophagy of EC cells is still unknown. In this study, higher autophagy level was found in endometrial cancer stem cells (ECSCs) and stemness kept in line with autophagy in successive cultured JEC spheres. Autophagy inhibition decreased the properties of CSCs in JEC spheres and enhanced sensitivity of ECSCs to paclitaxel. Besides, it was found that EIG121 exerted dual functions in the regulation of autophagy and stemness not only in normal JEC cells but also JEC obtained CSCs. These findings could be useful for developing targeted therapies for endometrial carcinoma.
Introduction
Endometrial cancer (EC) is one of the common gynecologic malignancies which incidence is rapidly increasing all over the world (1, 2) . Approximately 80% of endometrial cancers are diagnosed at an early stage, hysterectomy combined with chemotherapy is the primary treatment for EC (3) . Because of the hope for survival and pregnancy, prevention and treatment of endometrial cancer is of great importance. Chemotherapy is a main treatment strategy for EC but chemoresistance is a restrictive factor for its clinical outcome. Endometrial cancer is considered to be a chemotherapy poor responding cancer type. The effectiveness of conventional chemotherapy with platinum-derived compounds, doxorubicin, anthracyclines, and paclitaxel is only ranging from 25 to 57% (4) . Therefore promoting chemosensitivity of endometrial carcinoma cells could lead to an improved clinical curative effect (5) .
Chemoresistance is considered to be the main cause of the treatment failure in >90% of metastatic tumors (6) . Chemoresistance is due to two mechanisms, primary and acquired resistance (7) . Tumors can be intrinsically resistant prior to chemotherapy, or acquired resistance during treatment by tumors which are initially sensitive to chemotherapy (6) . Existence of cancer stem cells (CSCs) is thought to be one of the main reasons for resistance to chemotherapy and responsible for the clinical results. CSCs are recognized as a small proportion of cells among the tumor cell population which are capable of self-renewal, aberrant differentiation, and escape homeostasis (8) . It has been demonstrated that CSCs stay quiescent and resist chemotherapy agents which target cycling cells (9) . In endometrial cancer, the cancer stem cell hypothesis has been studied in vitro using the isolation of colony forming units, side population with dye efflux capacity, and tumor spheres (10, 11) . Besides, the chemoresistance characteristic of stemness of CSCs in endometrial cancer has been shown in CSC phenotype and associated with CSC markers.
Activation of autophagy pro-survival pathways is a mechanism of resistance to several therapies including radiotherapy and chemotherapy using oxazaphosphorine, taxanes, and platinum-derived agents in various human cancers (12, 13) . Autophagy seems to be related to ALDH1 expression in breast cancer and is fundamental for tumorigenesis in hypoxic environment (14) . Autophagy is involved in endometrial tumor growth and cisplatin resistance (15) , autophagy inhibition enhances sensitivity of endometrial carcinoma cells to paclitaxel (5) . In our previous study, we found miR-218 inhibited HMGB1-mediated autophagy in endometrial carcinoma cells during chemotherapy (16) . These results suggest that autophagy is closely related to chemosensitivity in endometrial cancer.
It is proposed that there is a close relationship between cancer stem cells and autophagy. Accumulating evidence provides insight into the function of autophagy in maintenance, plasticity and survival (17) (18) (19) . CSCs have higher autophagy than normal cancer cells and are more sensitive to autophagy inhibition compared to cells not expressing CSC markers (20) . It was demonstrated that autophagy is essential for CSC maintenance. Autophagy enriched the population of colorectal and liver CSCs and participated in maintaining the stemness of colorectal and liver CSCs (21, 22) . Moreover, reduced 'stemness' were observed after Cq-mediated autophagy inhibition in sorted MDA-MB-231 CSCs (19) . The increasement of spheres could be reversed by 3-MA treatment (23) . Besides, Cq effectively targets CSCs via autophagy inhibition in triple-negative breast cancer (24) . These results suggested that autophagy is closely associated with the stemness of CSCs and could be an important mechanism that drives the survival and multidrug resistance of CSCs (25) (26) (27) . In addition, it was found that autophagy could be a key factor in maintaining the homeostasis of cancer stem cells and normal cancer cells and was able to induce the dynamic transformation between normal tumor cells to CSC of pancreatic cancer (28) . However, if CSC autophagy plays a role in the poor chemosensitivity of endometrial cancer is still unknown. We put forward the hypothesis that chemotherapy-induced autophagy activation triggers the dynamic transformation from ordinary tumor cells to cells possessing stemness properties then improve the chemoresistance. Additionally, as the novel mediator of endometrial cancer autophagy, EIG121 could play important role in the stemness of ECSCs.
Materials and methods
Cell line models and spheriod culture conditions. Human endometrial cancer cell line JEC was purchased from the Cell Bank of Chinese Academy of Sciences (CAS). JEC cells were cultured in DMEM medium with 10% fetal bovine serum, 100 U/ml penicillin and 100 U/ml streptomycin at 37˚C in a humidified incubator with 5% CO 2 .
Conventional 2-D cultures was performed for the selfrenewal and successive spheriod generation experiments according to related references (29) (30) (31) (32) (33) . Spheroid culture conditions: parental cell lines or the floating spheres were plated in serum-free sphere formation media (SFM): low-glucose (1 g/l) DMEM and supplemented with L-glutamine, sodium pyruvate, penicillin/streptomycin (Wisent Inc.), 20 ng/ml basic FGF, 20 ng/ml EGF, and B27 (Invitrogen, Grand Island, NY, USA), 100 mg/ml gentamycin using 6-well ultra-low attachment plates (Corning Inc., Tewksbury, MA, USA) (31) . Spheres were dissociated with trypsin every 7 days and split at 1:3 ratio for the next passage generation. For sphere formation assay, 5x10 4 cells were seeded in ultra-low attachment 6-well plate (Corning Inc.) in 2 ml SFM/well for 2 weeks. For self-renewal assay, cells were diluted into ~1-3 cells/well in 96-well ultra-low attachment plates (Corning Inc.) using SFM for 2 weeks, both the media and the drugs were replaced every 3 days. Then the floating spheres were photographed at x100 magnification (Nikon Eclipse TS100 Lentivirus and cell infection. For EIG121 knockdown, lentiviral constructs containing EIG121 shRNA (TRCN0000263309 and TRCN0000263310) were purchased from Sigma. JEC cells stably expressing Lv-con-shRNA or EIG121 shRNA were generated by lentiviral infection at MOI 25 and selected with 2 mg/ml puromycin.
Quantitative real-time PCR (QPCR).
Total RNA was extracted with the TRIzol reagent (Invitrogen, USA) and cDNA was reverse-transcribed using a reverse transcription kit (Fermentans, Germany) according to the manufacturer's protocol. quantitative detection of RT products was performed using SYBR Green qRCR Mix (Toyobo, Japan). The PCR was performed using Fluorescence quantitative PCR instrument 7300 (ABI PRISM, USA). The PCR reaction condition was as follows: 95˚C for 3 min, 95˚C for 10 sec, 58˚C for 30 sec, and 72˚C for 30 sec, 40 cycles, to obtain fluorescence intensity. β-actin was used as an internal control. The specific primers are listed in Table I . Relative mRNA expression levels were determined by the 2 -∆∆Ct method in comparison with control group.
Western blotting. Cells were lysed in RIPA buffer and cleared by centrifugation at 13,000 rpm for 10 min. The proteins (100 mg) were resolved in a 12% SDS-PAGE gel and transferred to a nitrocellulose membrane. Primary antibodies against the LC3B antibody (2 µg/ml, ab81785, Abcam, USA), EIG121 (1:1,000, ab156275, Abcam), Beclin1 (1:1,000, ab14071, Abcam), CD133 (1:500, 18470-1-AP, Proteintech, China), CD44 (1:500, 15675-1-AP, Proteintech), OCT4 (1:1,000, ab181557, Abcam), c-Myc (1:500,10828-1-AP, Proteintech), CK4 (1:500, ab155406, Abcam), and ABCG2 (1:1,000, ab108312, Abcam), or β-actin (1:2,000, LCA01, Auragene, Changsha, China) were added to the membrane in 8% non-fat milk and incubated at 4˚C overnight. After extensive washing, the membrane was incubated in 8% non-fat milk containing HRP conjugated anti-rabbit secondary antibody (1:2,000, SA009, Auragene) or anti-mouse secondary antibody (1:2,000, SA002, Auragene) for 30 min at room temperature. The AuraECL detection kit (Auragene) was used to visualize the target bands.
H&E and immunofluorescence staining. Cells were cultured on cover glasses coated with 0.1% gelatin in PBS in 6-well tissue culture plates with DMEM. The cells were incubated overnight then washed with PBS, and fixed in 4% paraformaldehyde for 15 min. They were then permeabilized in 0.2% Triton X-100 for 10 min prior to blocking in 6% bovine serum albumin (BSA) for 30 min. For H&E staining, cells were washed using PBS 3 times then stained with hematoxylin for 10 min. After washing, stained with eosin for 15 min, dehydrated by anhydrous alcohol for 10 sec and dried. Subsequently, stained cells were photographed at x400 magnifcation (Nikon Eclipse TS100). For immunofluorescence staining, the cells were incubated overnight with anti-LC3B (1:200, 12741S, Cell Signaling, USA) at 4˚C, followed by incubation with goat anti-rabbit IgG (H+L)-Cy3 (1:200, SA012, Auragene) for 1 h at room temperature in dark. Nuclei were counterstained with DAPI (10 µg/ml, C0065, Solarbio, China). Finally, cells were analyzed using a confocal fluorescence microscope (BX50; Olympus, Japan) and the percentage of cells with LC3 puncta was calculated with the help of Image-Pro Plus 6.0.
Cell viability assay. ECSCs were dispersed and seeded into 96-well plates at 5x10 3 cells/well and incubated with DMEM containing PTX (20 µg/ml) alone or with Cq (10 µM)/3-MA (1 mM) respectively for 24 h. MTT solution (10 µl) was added to each well and incubated at 37˚C for 4 h, then 150 µl DMSO was added to each well. Ten minutes later, the absorbance at 570 nm was monitored using a microplate reader (BioTek) to assess cell viability. Cell growth inhibition was normalized and expressed relative to the absorbance of cells treated with DMSO alone.
Phenotypic recovery assay. It was known that when the culture environment is restored to normal culture condition of tumor cells, the spheres would differentiate to normal adherent tumor cells and proliferation. So, to some extent, the extension of cells in 6-well plates reflect the cell viability. The phenotypic recovery assay was performed to determine the re-differentiation ability of different cells. P3 JEC spheres or CD133 + /CD44 + CSCs were digested with 0.05% trypsinase to obtain single cell suspension, then the cells were inoculated in 6-well normal cell culture plate filled with complete DMEM medium containing Cq or 3-MA, respectively. When the cell was completely adherent, the phenotypic change was observed and photographed at x100 magnification (Nikon Eclipse TS100). The cell-free areas were filled with black using Photoshop and measured by Image-Pro Plus 6.0.
Tumorigenicity assay and IHC staining.
Animal experiments were performed in accordance with the Guide for the Care and Use of Laboratory Animals of The Affiliated Tumour Hospital of Xiangya Medical School of Central South University. The protocol was approved by the Committee on the Ethics of Animal Experiments of The Affiliated Tumour Hospital. NOD/SCID mice at age of 3-5 weeks, male, were maintained in pathogen-free conditions at animal facility. The JEC, Lv-Con, and Lv-EIG121-shRNA cells were resuspended in serum-free medium and mixed with Matrigel at the ratio of 1:1. NOD/SCID mice were randomly divided into 3 groups (n=4 per group). Cells (1x10 6 ) were inoculated subcutaneously into the inguinal folds of NOD/SCID mice. Tumor formation was evaluated regularly after injection by palpation of injection sites. At the end of experiment, the mice were sacrificed under deep anesthesia with pentobarbital. The tumors were then dissected and captured. The primary tumors were immunostained for PCNA and active caspase-3 as previously described (34) .
Statistical analysis. The data are presented as mean ± standard deviation. The means of groups were compared with one-way analysis of variance, and after checking for equal variance, comparisons between two means were performed using the least significant difference (LSD) method. Student's t-test was used for two group's comparison. Analysis of variance was used for statistical analyses. P<0.05 was considered as statistically significant. (35) (36) (37) . To better understand the underlying mechanism responsible for low chemosensitivity in EC, CD133 + /CD44 + cells were sorted from the JEC cell lines by CD133 and CD44 microBeads (38) . The purity of CD133 + /CD44 + cells before and after sorting from JEC was 8.27 and 90.1%, respectively (Fig. 1A) Fig. 2A) .
Results

CD133
Spheroid culture is a mainstream method to obtain cells exhibiting properties of CSCs. In order to observe the autophagy dynamic changes in the process of stemness dynamic changing, successive spheroid cultures were performed from passage 1 (P1) to passage 4 (P4). qPCR was performed to detect the relative mRNA level of CSC markers and autophagy markers. The results showed that the relative expression of CSC marker CD133, CD44, Oct4, c-Myc and drug resistance marker ABCG2 were increased but the differentiation marker CK4 decreased obviously from P0 (Con) to P3. Besides, the mRNA level of ABCG2, c-Myc and CK4 were decreased from the relative peak value when the spheroid generations have undergone P4 culture but the CD133 and CD44 are still maintained at peak level. On the other hand, flow cytometric staining was used to detect the purity of CD133 + /CD44 + cells in spheres at different passages, the percentage of CD133 + / CD44 + cells increased significantly from P1 to P3, but to the P4 generation, the increasement was not obvious compared to P3 (Fig. 2B and C) . We thought the JEC P3 spheres could be partially considered as ECSCs with strongest stemness using the successive spheroid culture method. It was of great interest that the expression of classic autophagy marker Beclin1 and LC3Π/I kept in line with the stemness changing, in other words, autophagy was enhanced gradually from P0 to P4 (Fig. 2D) . These results allowed to conclude that stemness kept in line with autophagy in successive culture of JEC spheres and the synchronized level suggested the inherent link between ECSCs and JEC autophagy.
Autophagy inhibition decreases the properties of CSCs in JEC spheres.
It has been reported that autophagy plays an important role in CSC maintenance, plasticity and survival (17) (18) (19) and takes part in the dynamic transformation between normal cancer cells and CSC in pancreatic cancer (27, 28) . In order to clarify if autophagy inhibition could influence the dynamic transformation of ECSCs, conventional autophagy inhibitors 3-MA and Cq were added during the successive spheroid culture, respectivly, then the relative expression of CSC markers was detected by qPCR and western blotting. Results showed when 3-MA or Cq was added, the CSC markers (CD133, CD44, OCT4 and ABCG2 decreased compared to the control group of the same sphere passage (Fig. 3A and B) . To further confirm the effect of autophagy inhibitors, western blotting was performed to detect expression of P62 and LC3Ⅱ/Ⅰ in P3 and P4 spheres. The experimental results showed that autophagy inhibitor 3-MA addition could increase P62 while decrease the ratio of LC3Ⅱ/Ⅰ and CQ addition could increase both P62 and the ratio of LC3Ⅱ/Ⅰ compared to spheres without autophagy inhibitor in P3 and P4 JEC spheres (Fig. 3C) . Re-differentiation ability is one of the important characteristics of CSCs. For the sake of detecting the re-differentiation ability of JEC spheres, P3 spheres were used to perform phenotypic recovery assay which aims to show whether the addition of autophagy inhibitor could decrease the re-differentiation of JEC spheres. The extension of cells in 6-well plates reflect the cell viability. It was observed that when the P3 spheres were treated with 3-MA or CQ, the recovery was more difficult to adherent phenotype and proliferation under routine culture conditions ( Fig. 3D and E) .
Autophagy inhibition enhances sensitivity of ECSCs to paclitaxel. We obtained CD133
+ /CD44 + cells by microBead sorting and CSC markers were detected by qPCR and western blotting. The relative expression of CD133, CD44, ABCG2, OCT4 and ALDH was significantly enhanced in CD133 + /CD44 + cells, so that CD133 + /CD44 + cells would be considered as endometrial carcinoma stem cells (ECSCs) to some extent. Besides, the expression levels of EC autophagy marker EIG121, Beclin1, Atg5, Atg7 and LC3Π/I were obviously increased dependent on VS JEC cells (Con). The above demonstrated that the ECSC cells exhibited higher level of autophagy (Fig. 4A) . For evaluating the role of autophagy in the PTX chemoresistance of ECSCs, cell viability, self-renewal and phenotypic recovery assays were performed using PTX treatment with or without autophagy inhibitors. The results showed when the ECSCs were treated in combination with 3-MA or Cq, the cell viability attenuated significantly (Fig. 4C) . Self-renewal capacity reduced both in sphere size and number (Fig. 4B and  D) . Phenotypic recovery assays were performed to imitate recurrence after chemotherapy in vitro aiming to show that the addition of autophagy inhibitor could enhance the growth inhibition of PTX of JEC cells, and the extension of cells in 6-well plates reflect the cell viability (Fig. 4E and F) compared to ECSCs treated with PTX only, autophagy inhibition attenuated the cell growth capacity to some extent after removal of drugs and return to normal condition ( Fig. 4E and F) . Thus, the lower self-renewal capacity was not only embodied in propagating clone numbers but also the offspring sphere size.
EIG121 plays an autophagy-induced role in JEC-obtained
ECSCs. It was reported previously that the novel estrogeninduced gene EIG121 regulates autophagy and promotes cell survival under EC stress (39) . In this experiment, it was found that EIG121 was increased in ECSCs similarly to other autophagy-associated proteins (Fig. 4A) . EIG121 loss-offunction stem cell model was constructed to explore whether the EIG121 could mediate the autophagy in JEC ECSCs. Lv-EIG121-shRNA lentivirus infection of ECSCs was performed. When the relative expression of EIG121 was effectively knocked down by Lv-EIG121-shRNA in ECSCs, the expression of Beclin1, ATG5 and Atg7 were also downregulated in ECSCs (Fig. 5A and B) . Overexpression EIG121 would greatly increase cytoplasmic vacuole accumulation in MDA-MB-213 (39) . As cytoplasmic vacuolation is a hallmark of autophagy, the H&E staining was performed on JEC ECSCs at 12 h after lentivirus infection and it was shown that the JEC-obtained ECSCs contained numerous cytoplasmic vacuoles. However, when the EIG121 was knocked down, cytoplasmic vacuoles became blurred (Fig. 5C ). On the other hand, autophagy induction is associated with LC3, conjugated LC3 moves into autophagosomes and tightly binds to the autophagosome membrane. Thus, LC3 translocation is a reliable biomarker of autophagy (1, 40) . Immunofluorescence staining was performed to detect the LC3 translocation. The results showed that in ECSCs, LC3 expression occurred predominantly in punctuate dot-like structures, consistent with autophagy induction. Whereas in Lv-EIG121-shRNA infected ECSCs, LC3 puncta decreased obviously and LC3 was uniformly distributed in the cytoplasm, the percentage of cells with LC3 puncta was calculated with the help of Image-Pro Plus 6.0 ( Fig. 5D and E) . These results demonstrated that EIG121 played an autophagy-induced role not only in EC normal cells, but also in JEC-obtained ECSCs.
EIG121 knockdown in JEC cells results in attenuated stemness and tumorigenesis.
We considered that autophagy could play an important role in the transformation between JEC cells and JEC-obtained cancer stem cells. Besides, EC novel autophagy-induction protein EIG121 was found to exert autophagy-induction function in ECSCs. Based on this Multiple successive spheroid culture was performed from passage 1 (P1) to passage 4 (P4), spheres of the same passage cultured in the absence of autophagy inhibition were used as control (Con). The protein expression of autophagy-related marker P62 and LC3Ⅱ/Ⅰ was determined by western blotting in P3 and P4 spheres with or without autophagy inhibitors (C). Re-differentiation ability of P3 JEC spheres in normal culture conditions was observed on day 2 and day 5, the cell-free areas were filled with black using Photoshop and measured by Image-Pro Plus 6.0., the proportion of cell-free area is presented vs. P3 spheres 5D group (D), the images were captured at x100 magnification (E). P<0.01 vs. control. Self-renewal efficiency of both sphere size (x100 magnification) (B) and sphere number (D), cell viability (C), phenotypic recovery assays (E and F) were performed to detect if autophagy was one of the molecular mechanisms of PTX low response to PTX of JEC ECSCs. * P<0.05 vs. PTX single treated group. The cell-free areas were filled with black using Photoshop and measured by Image-Pro Plus 6.0., the proportion of cell-free area is presented v.s. PTX 5D group (E).
information, it was hypothesized that the novel autophagyinducing gene EIG121 would mediate the stemness of JEC cells. To explore whether EIG121 expression could affect stemness and tumorigenesis, EIG121 loss-of-function cell model was constructed in JEC cells. Lentivirus (Lv-EIG121-shRNA) infected JEC cells exhibited lower relative expression of stemness marker genes of CD133, CD44, ABCG2, OCT4 and ALDH at both mRNA and protein levels (Fig. 6A and B) . Besides, Lv-EIG121-shRNA infected JEC cells showed reduced self-renewal capacity in both colony size and number ( Fig. 6C and D) . Moreover, cells were inoculated into nude mice and all mice developed xenograft tumors at the injection site 20 days after injection. It was found that the tumors formed of the Lv-EIG121-shRNA group were generally smaller than JEC and Lv-Con group (Fig. 6E) . Additionally, the average tumor weight was obviously lower in the Lv-EIG121-shRNA group compared to other groups (Fig. 6H) . The tumors developed from Lv-EIG121-shRNA cells displayed weaker PCNA Figure 5 . EIG121 plays an autophagy-induced role in JEC-obtained ECSCs. The relative mRNA levels and protein expression of EIG121 and autophagy markers as indicated were determined by qPCR (A) and western blotting (B) respectively. JEC CSCs were used as control group (Con). * P<0.05 vs. control; ECSCs were infected with Lv-EIG121-shRNA or Lv-con lentivirus for 12 h then fixed and stained with H&E, cytoplasmic vacuolation (indicated by black arrows) was used as a hallmark of autophagy level (C). Immunofluorescence staining was performed to detect the LC3 puncta and translocation (D and E). The images were captured at x400 magnification. staining and stronger active caspase-3 staining than that in JEC and Lv-Con cells (Fig. 6F and G) . These results indicate that EIG121 knockdown in JEC cells resulted in reduction of stemness and tumorigenesis.
Discussion
Endometrial cancer is one of the most common gynecologic malignancies. Chemotherapy is the main method of systemic therapy for endometrial cancer (15) . Unfortunately, EC is a typical low chemosensitive cancer type. Therefore, exploring the underlying molecular mechanism for the EC chemoresistance is of great importance for novel therapeutic drug exploration. Low chemosensitivity relates to two important mechanisms that might be involved in autophagy and cancer stem cells (CSCs).
CSCs are undifferentiated cells with self-renewal ability that can differentiate into multiple lineages. Once CSCs are forced to differentiate, these cells lose their quiescent properties and become more sensitive to chemotherapy (41) . It has been hypothesized that the reason for failure of chemotherapy is due to limited eradication of the CSCs. Mounting evidence reinforced the foundation for emergence of CSC-targeted therapeutic strategies that may help to enhance the efficacy of conventional anticancer therapies (27) . The existence of CSCs has been confirmed in different tumor types including EC. CD133 + /CD44 + carcinoma stem cells from human EC cell lines play a crucial role in proliferation, metastasis, recurrence, and development of chemotherapy resistance possessing high proliferation, migration, multidrug resistance and tumorigenic capacity (42, 43) . In this study, we chose endometrial adenocarcinoma cell line JEC which has low sensitivity to paclitaxel as the parental cells, and CD133 + /CD44 + cells obtained by microbead sorting were used as ECSCs which were verified using relative expression of stemness marker genes.
ECSCs are thought as plausible root cause of low chemosensitivity in EC, however, the mechanisms are still not understood. Autophagy is a highly regulated conserved catabolic process that functions as a cell survival mechanism during cellular stress such as starvation, hypoxia, and chemo/ radiotherapy (44) . Autophagy-mediated stress tolerance can facilitate cell survival by sustaining energy production which could lead to tumor growth and drug resistance (45) . Previous studies have shown that autophagy inhibition restored chemosensitivity in various cancer types which consolidated autophagy as a therapeutic target (27) .
CSCs are believed to be dependent on their own microenvironment to sustain the population and autophagy has been found as an important mechanism for CSC survival and drug resistance (25, 26) . Accumulating evidence provides insight into the function of autophagy in CSC maintenance, plasticity and survival (17) (18) (19) . The autophagy level is higher in CSCs than normal cancer cells and CSCs are more sensitive to autophagy inhibition compared to cells not expressing CSC markers (20) . It was demonstrated that autophagy is essential for CSC maintenance. Autophagy enriched the population of colorectal and liver CSCs and participated in maintaining the stemness of colorectal and liver CSCs (21, 22) . Furthermore, reduced 'stemness' were observed afterCq-mediated autophagy inhibition in sorted MDA-MB-231 CSCs (19) . The increasement of spheres could be reversed by a 3MA treatment (23) . Besides, Cq effectively targets CSCs via autophagy inhibition in triple-negative breast cancer (24) . These results suggested that autophagy is closely associated with the stemness of CSCs and could be a important mechanism that drives the growth of cancer stem cells.
In our study, we verified enhanced autophagy in CD133 + /CD44 + JEC cells compared with JEC parental cells. Then successive JEC spheroid culture was performed and the relative expression of CSC marker was measured. It was obviously that with the increase of stemness, autophagy also increased gradually. These results confirmed the close relationship between ECSCs and autophagy to some extent. Besides, when the autophagy inhibitors (3-MA and Cq) were added in the successive spheroid culture medium, the self-renewal capacity reduced obviously. It demonstrated that autophagy would partially play a role in stemness-mediation. In addition, autophagy was reported to take part in the maintenance dynamic equilibrium between CSCs and normal cancer cells (28) . So we performed phenotypic recovery assay using P3 spheres to detect the re-differentiation ability of JEC spheres.
Remarkably, when the autophagy inhibitor (3-MA or CQ) was added in the normal medium, it was more difficult to restore the adherent growth status of the P3 spheres. This result indicated that when autophagy was repressed, the re-differentiation ability of JEC spheres was reduced which was consistent with the above point of view. When the PTX was used in combination of autophagy inhibitors (3-MA or CQ), the sensitivity of ECSCs was increased significantly. Our data suggest that autophagy in ECSCs help in their survival and inhibition of autophagy can alleviate ECSC resistance to some extent and loss of stemness would mean a decrease in anti-apoptosis capacity. CSCs contain multiple mechanisms to control cell death, which aids to protect these crucial cells from cytotoxic insults. In CSCs, elevated anti-apoptotic protein expression increases the threshold for apoptosis induction and thereby directly protects the cells against apoptosis (46) . For example, in breast and AML CSCs, BCL2 and BCLXL are highly expressed (47, 48) . Besides an elevated apoptotic threshold, CSCs display high expression of drug efflux pumps, such as ATP-binding cassette (ABC) transporter family proteins (49) . These proteins are important for efflux of chemotherapy across the plasma membrane. However, a potentially more challenging problem is the recent observation that CSCs may exist that display quiescent properties which could escape classical chemotherapy and subsequently induce re-growth of the tumor (50) . Our data establish autophagy as a novel therapeutic target whose modulation presents new opportunities for the low chemosensitivity of EC.
It was previously reported that the novel estrogen-induced gene EIG121, which is overexpressed in endometrial hyperplasia and endometrioid-type endometrial carcinoma, was identified as a important autophagy regulator protecting cells from cell death in EC (51, 52) . As stated above, we have clarified that autophagy could be one of the important reasons for chemoresistance in ECSCs. Thus, we speculated that as an autophagy regulator of EC, EIG121 played a role in regulation of ECSCs autophagy and EC cell stemness. The lentivirus mediated EIG121 loss-of-function cell models were constructed in ECSCs and JEC cells, respectively, and we found EIG121 played an autophagy-induced role in JEC-obtained ECSCs and its knockdown in JEC cells resulted in stemness reduction. The experimental results agreed with our conjecture.
This study also has deficiencies, endometrial carcinoma can be classified into estrogen-dependent type Ⅰ and -independent type Ⅱ. In contrast, type Ⅱ endometrial carcinoma is usually ER-negative, and poorly differentiated, of high grade and poor prognosis which account for ~15% of cases and responsible for ~50% of all relapses. Thus, studies targeting ECSCs of type Ⅱ EC seems more meaningful. CD133 + /CD44 + carcinoma stem cells from human type Ⅱ EC cell lines (KLE, AN3CA) have been used in previous research (27) . In order to explore the functional role of EIG121 in ECSCs, we finally chose type Ⅰ EC cell line JEC which has low sensitivity to PTX and is ER-positive to perform our study. As to why EIG121 upregulated in the absence of estrogen, this may be related to its multiple functional roles other than for estrogen induced gene which need further exploration and the relationship between autophagy and stemness alteration in type Ⅱ EC would be the next research topic.
In conclusion, this study uncovered the close relationship between the regulation of autophagy and stemness in ECSCs for the first time and clarified autophagy played an important role in stemness alteration of ECSCs. Moreover, it was found that EIG121 exerted dual functions in the regulation of autophagy and stemness not only in normal EC cells but also ECSCs. These findings provide useful information for developing targeted therapies for endometrial carcinoma.
